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After noting that trypan blue and T-1824  (1), as also egg albumin 
and serum albumin (2),  could be found in cervical lymph following 
nasal instillation, attention was directed to the fate of nasally instilled 
viruses.  In this paper there are presented the results of experiments 
with vaccinia virus. 
That vaceinia and other virus diseases can be transmitted  by nasal infection 
has been shown by many workers.  Cahnette and Gu6rin  (3)  dusted dried and 
pulverized  vaccinia  virus  into  the  nose  of  rabbits,  and  found  that  immunity 
developed.  Gordon (4)  showed that the nasal mucosa of rabbits is particularly 
susceptible  to vaccinia.  Rhoads  (5),  for 3  successive days, dropped a  mixture 
(1.0 cc.) of equal parts of a  1:2,000 saline dilution of glycerolated neurovaccine 
brain virus and pooled rabbit immune serum into the noses of rabbits, and found 
that immunity was thereby conferred. 
The  virus  of  poliomyelitis  presents  features  peculiarly  its  own,  and  is  not 
considered in this paper.  It has been responsible, perhaps more than any other 
virus, for the concept of neurotropic spread and efforts have been made to demon- 
strate such a mode of dissemination for several other viruses.  Levaditi, Hornus, 
and Haber (6)  showed that the intranasal instillation of herpetic virus gave rise 
to  an  encephalitis  which  was  not  prevented  by  interruption  of  the  olfactory 
pathway.  Levaditi and Haber (7),  investigating the distribution of herpes virus 
during the incubation period, demonstrated its presence in the Gasserian ganglion, 
though not in the olfactory bulb, and suggested a  spread  along the fibres of the 
5th cranial nerve.  Sabin  (8),  working with  the viruses of vesicular stomatitis, 
equine encephalomyelitis, and pseudorabies, was also of the opinion that viruses 
could spread along nervous pathways other than the olfactory, and that the virus 
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of pseudorabies, for example, could extend either along the 5th cranial nerve, or 
along sympathetic and parasympathetic nerves. 
Apart from nervous  pathways,  infective material introduced into  the naso- 
pharynx can spread in  many directions.  Some may be swallowed, some may 
enter the lungs.  Mullin and Ryder (9) and Corper and Robin (10)  showed that 
with rabbits in the recumbent position India ink suspensions dropped into the 
nose  quickly reached  the lungs,  entering the  terminal bronchioles and  alveoli. 
In the present paper attention has been confined to the dissemination of nasally 
instilled vaccinia virus along the lymphatic  pathway,  though some virus may 
enter the blood stream directly after invasion of the mucosa. 
TABLE  I 
Examination of Cervical Node and Lymph for  Vaccinia  Virus 0 to 9 Hours  after 
Nasal Instillation 
Experi- 
ment No.  Animal 
Rabbit 
Cat 
Monkey 
lc 
Amount of 
virus suspen- 
sion  In 
each nostril 
1.0 
1.0 
1.0 
1.5 
Time during  which cervical 
lymph collected  after dropping 
vlrus  in  nose 
4 hrs. and 35 rain. 
4 hrs. and 30 rain. 
4 hrs. and 50 rain. 
9 hrs. 
Virus present in 
Superior 
aeep  Cervical 
cervical  lymph 
node 
None  None 
t~  tt 
ct  ¢~ 
Material  and Methods 
The experiments, which have been carried out on 4 monkeys (Macaca mulatta), 
1 cat, and 16 rabbits, fall into two groups.  In  the first group (Table I)  one or 
both  cervical lymph ducts were cannulated  under  general anesthesia by intra- 
peritoneal or intravenous nembutal.  A  suspension of vaccinia virus (1:i0 dilu- 
tion of infected egg membrane) was dropped into the nose,  and the collection of 
lymph continued for periods ranging from 4.5 to 9.0 hours, after which the animal 
was killed.  In the second group  (Table  II)  5  drops of virus suspension were 
introduced into each nostril under nembutal anesthesia, and the animals aUowed 
to  recover.  Subsequently,  at  intervals ranging from  12  hours  to  7  days,  the 
animals were again anesthetised, and  this time the  cervical lymph ducts  were 
cannulated.  Lymph flowed spontaneously in the monkeys, but only after massage 
of the cervical ducts in the rabbits.  The cervical lymph ducts were cannulated 
low down in the neck, immediately before their opening into the veins.  Virus 
present in this lymph would, in the intact animal, have passed without further 
glandular interruption into the blood. 
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(a) thoracic duct lymph, (b) blood, (c) superior deep cervical node (for its position 
in the cervical lymph pathway  see  (1)),  and  (d)  scrapings of  the nasal mucous 
membrane, or in Experiments 5, 6,  15, and 19 nasal washings. 
Nasal  washings were  centrifuged  and  the supernatant  fluid  titrated.  Nasal 
scrapings,  obtained  with  a  small  curette  inserted  through  the  nostrils,  were 
TABLE  II 
Distribution  of Vaccinia  Virus 12 Hours to 7 Days after Nasal Instillation 
Ex° 
peri- 
ment 
No. 
st 
6t 
7 
8 
9 
lO 
11 
12 
14 
1st 
16 
17 
18t 
19t 
2or 
L 
Animal 
Monkey 
Rabbit 
I 
[  Highest dilution of virus detectable in 
aropplng l 
vlrus  m  Thoracic 
nose and  Nasal  Cervical Cervical  Blood  duct 
:ollcction  mucosa*  node  lymph  lymph 
of  lymph 
4 days  +1 : 10  .... 
5  "  +1:10  --  +  Und.  --  -- 
12 hrs.  +1:10  +1:10  +1:8  --  +1:4 
lday  +1:150  --  +1:4  --  +1:4 
2days  +1:160  +1:90  +1:16  --  +1:4 
2  "  +1:10  --  +1:16  --  +1:16 
3  "  +1:10  +1:12  +1:15  --  +1:4 
3  "  +1:12  +1:80  +  Und.  --  -- 
4  "  +1:100  -}-1:10(]  -- 
4  "  +1:160  +1:40  +1:4  --  -- 
5  "  +1:20  +1:50  +1:10  --  -- 
5  "  +1:160  +1:40  +1:8  --  +1:4 
6  "  +1:160  +1:40  +1:16  +Und.  +1:8 
6  "  +1:15,000 +1:40  +  Und. 
6  "  +1:1,000  +1:100  +1:4  --  +Und. 
7  "  +1:40  +1:40  +1:8  --  +1:8 
7  "  +1:16,000  --  +1:4  +1:2  +1:4 
Popli-  Mes- 
teal  enteric 
node  node 
+1:12 
+1:40 
Blank spaces indicate no examination.  Und.  =  undiluted. 
* In Experiments 9,  14,  16, and 17, the nasal mucosa was not titrated beyond 
1:160.  At this dilution the papules were large and well marked. 
t  Nasal washings. 
Fractionation experiments (see Table III). 
weighed,  ground,  and centrifuged  (2,000 R.P.M.  for  20 minutes)  to  throw  down 
sediment and most bacteria.  Typical vaccinia lesions, uncomplicated by sepsis, 
were produced by the supernatant fluid.  Since the curetting was done blindly, 
patches of less infected mucosa may have been obtained in some experiments as 
against  more  heavily  infected  areas  in  others.  This  may  have  been  partly 
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In 6 experiments  a popliteal  lymph node was examined,  in 2 the mesenteric. 
In 4 experiments  cervical or thoracic duct lymph was centrifuged  (2,000 R.P.~. 
for 15 minutes)  and the sediment and supernatant fluid tested separately for the 
presence of virus.  Lymph and blood were prevented from dotting by adding a 
few drops  of a  sterile  solution  of heparin.  Lymph nodes  were weighed before 
triturating  and adding Tyrode's solution,  so  that  the  approximate  dilution  of 
virus was known.  The amount of Tyrode's solution which had to be added for 
effective  trituration  and  centrifuging,  though  kept  at  a  minimum,  may have 
diluted  small amounts of virus beyond the concentration at which they could be 
detected. 
Preparation and Detection of Virus 
The vaccinia virus employed was obtained from crude fresh calf lymph supplied 
by the  Massachusetts  State Department  of Public Health.  This  was  ground 
with pyrex glass fragments  in hormone broth (pH 7.6) and filtered at  -40 mm. 
Hg through a  Berkefeld  V filter.  The virus in  the bacteria-free  filtrate  (titre 
1:100,000)  was propagated on the  chorio-allantoic  membrane of  12  day chick 
embryos  and harvested after 48 to 72 hours.  The membranes  were  stored at 
-20°C. until required,  when they were triturated with pyrex glass fragments in 
Tyrode's solution.  After centrifuging  (500 l~.p.~, for 7 minutes)  the supernatant 
fluid contained  virus which could usually be detected in a dilution  of 1:200,000 
(i.e.,  1:2,000,000  of  the  original  egg  membrane).  Virus  was  used  only after 
passage through 5 to 20 egg generations.  Examination for the presence of virus 
was by intradermal inoculation  into a susceptible  rabbit.  Readings  were made 
on the 3rd, 4th, and 5th days. 
The following protocol of  a  typical experiment  will  illustrate  the 
standard procedure. 
Experiment 21.--Rabbit, weight 2.2 kg. 
July 19, 1938.  2.0 cc. nembutal (5 per cent)  intravenously.  Rabbit placed 
on back.  5 drops of vaccinia virus in each nostril.  Animal permitted to recover. 
July 26, 1938.  8:50 a.m., nembutal 2.0 cc. (5 per cent) intravenously.  9:20, 
trachea cannulated,  stomach tube passed,  150 cc. saline  introduced,  esophagus 
ligated. 
9:25, nembutal 0.5 co. (5 per cent)  intravenously.  9:50, right cervical lymph 
duct  cannulated,  moderate lymph flow.  10:50, left  cervical  lymph duct  can- 
nulated,  flow light. 
11:20, nembutal  0.75 cc.  (5  per  cent)  intravenously.  11:30, 50  cc.  saline 
intravenously.  12:30 p.m.,  collection  of  cervical  lymph  (0.5 co.) complete. 
Cannulae  removed, and cervical ducts ligated. 
2:00, 2.0 co. thoracic  duct lymph obtained. 
2:15, blood sample  taken from left  jugular vein.  Animal  killed.  2:40, left 
superior  deep  cervical  node  removed.  3:00, scrapings  made  of  nasal  mucous 
membrane.  3:20, abdomen opened, large mesenteric  lymph node removed. JOSEPH  M.  YOFlcEY AND  EUGENE  R.  SULLIVAN  137 
The tissues and fluids thus obtained were then titrated for virus content by 
intradermal inoculation into a  test rabbit.  Table III gives the details of this 
titration. 
TABLE  III 
Test Rabbit for Experiment 21 
Tissue or fluid 
Lymphocytes  from 
cervical lymph 
Cervical lymph with- 
out lymphocytes 
Lymphocytes  from 
thoracic  duct 
lymph 
ghoracic duct lymph 
without  lympho- 
cytes 
3uperior deep cervical 
lymph node 
Mesenteric  lymph 
node 
Blood 
Nasal mucosa scrap- 
ings 
Mode ot prepaxatlo  n 
Lymph  centrifuged,  super- 
natant fluid withdrawn and 
an equal amount of Tyrode's 
solution added to the sedi- 
ment 
Supematant fluid after centri- 
fuging 
Lymph  centrifuged,  super- 
natant fluid withdrawn and 
an equal amount of Tyrode's 
solution added to the sedi- 
ment 
Supematant fluid after centri- 
fuging 
Dilutions 
Undi-luted  1:2  1:4 I  1:8  1:16 
m 
++  ++  +  -  _ 
++  ++  +  -  _ 
0.15 gin. plus 2.0 cc. Tyrode's  ..... 
solution 
0.7 gin. plus 2.1 cc. Tyrode's  ..... 
solution 
Whole  +  +  --  --  -- 
Undi-  luted  1:10  I:IOC 1:1.000  1:10,0( 
0.1gm. plusl.5cc. Tyrode's  ++++++++  +  -- 
solution 
+  + -4- large papule; +  +  medium papule; +  small papule. 
Analysis of the Findings 
Virus Found in Cervical Lymph only after 12 Hours.--In  neither 
monkeys,  cat,  nor  rabbits  could  virus  be  detected in  the  cervical 
lymph within 9 hours after having been placed in the nose (Table I). 
In the rabbits,  with one exception, virus was found in the cervical 
lymph from 12  hours to  7  days after nasal instillation.  The virus 
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did dyes and proteins (1, 2).  There seems rather to be a preliminary 
period during which the virus establishes itself in the nasal mucosa, 
which becomes reddened and hyperemic. 
Virus Passes through Lymph Nodes.--The fact that virus is found 
almost constantly in  cervical lymph (see Table II)  after it has tra- 
versed a  lymph node indicates that  the nodes do not constitute an 
effective barrier to the passage of virus.  Since there is no obvious 
difference in  structure between cervical and other lymph nodes, it 
seems likely that this relationship holds good for all nodes. 
Is the virus affected by its passage through the node?  McMaster 
and Kidd (11)  found that there was a  time factor involved.  Virus 
which had  reached the  cervical lymph nodes increased  during the 
first 3 days and then began to diminish, having disappeared completely 
by the 11th day. 
Virus Found in Thoracic Duct Lymph.--Virus is found almost as 
frequently in thoracic duct lymph as in cervical, though not usually 
in  so  great  a  concentration  (Table  II).  The  presence of  virus  in 
thoracic duct lymph may be due to some having been swallowed and 
invaded the gastro-intestinal mucosa. 
Even when the quantitative end-points were the same, in so far as 
the accuracy of our titration permitted us to judge, there was a marked 
difference in the size of the lesions produced by cervical and thoracic 
duct lymph.  The papules produced by the intradermal inoculation 
of the former were larger than those produced by the latter.  Thus, 
in  Experiment  16,  taking  the  highest  dilutions in  which  the  two 
lymphs produced lesions, the  cervical lymph papule was  7 mm. in 
diameter as against 4 ram. for thoracic duct lymph, and in Experiment 
17 the corresponding diameters were 8 mm. and 4 ram., respectively. 
Virus in Lymph Fixed by the Lymphocytes.--If  a specimen of virus- 
containing lymph is centrifuged for 15  minutes at 2,000 I~.P.M., virus 
will be found only in the sediment (Table IV).  Centrifuging at this 
speed is insufficient to bring down free virus, as was readily confirmed 
by  centrifuging  ordinary  virus  suspensions.  The  virus  therefore 
must have come down in association with the sediment, which con- 
sisted of a few red ceils and large numbers of white cells, which smears 
showed to be almost 100 per cent lymphocytes.  The work of Todd 
(12), Smith (13), and Douglas and Smith (14) would appear to exclude 
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One additional  experiment  (Table IV)  seems to indicate that  this 
fixation of virus by lymphocytes occurs in vitro, thus extending to the 
lymphocyte what  has  already  been  demonstrated  by  Douglas  and 
Smith (14)  and  Sabin  (15)  for the blood leukocytes as a  whole,  by 
Rous, McMaster,  and Hudack  (16)  for mixed  cell  suspensions  from 
rabbit embryos, and by Beard and Rous (17) for isolated Kupffer cells. 
Smith (13), analyzing the distribution of vaccinia virus in the blood, 
concluded that virus was never found in plasma or red cells, but was 
associated predominantly  with the white  cells, and in a  much lesser 
TABLE IV 
Fractionation of Lymph* 
Experiment  No.  Source of lymph 
Cervical duct 
13  Thoracic duct 
18  Thoracic duct 
19  Cervical duct 
Cervical duct 
20  Thoracic duct 
Normal thoracic  duct lymph plus virus sus- 
pensiont 
Highest dilution  of  virus  detectable in 
Sediment  Supematant fluid 
m 
4" Undiluted 
4" Undiluted 
4,1:4 
4,1:2 
4,1:10 
B 
m 
m 
m 
* Lymph centrifuged at 2,000 R.P.m for 15 minutes.  Supematant  fluid then 
removed and an equal volume of Tyrode's solution added to the sediment. 
t The experiment is one in which 0.5 cc. of normal thoracic duct lymph and 
1 drop of a  1:5  virus suspension were mixed, incubated  at 37°C. for 2 hours 
(being shaken up at 15 minute intervals), and then centrifuged. 
degree if at all with the platelets.  "It  is not known which  type of 
white  cell is of importance  in  this  connection,  or whether  all  types 
play a  part.  A  few lymphocytes were usually found in the  totally 
inactive suspensions of red blood corpuscles, but the number present 
was  so  small  that  they  might  have  contained  virus  and  yet  have 
failed to produce any reaction."  In  the  cervical  and  thoracic duct 
lymph of the rabbit the lymphocytes are for all practical purposes the 
only white cell to be reckoned with--other white cells are few and far 
between--and the virus therefore must be fixed by the lymphocyte. 
Whether  the virus is intracellular  or adsorbed on the surface of the 
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Does fixation by  the lymphocyte have  any  effect on the  virus? 
Further experiments are in progress to determine this point.  Several 
workers have studied mixtures of virus with other cells.  Beard and 
Rous (17) found that vaccinia virus was fixed and largely neutralized 
by  freshly obtained  Kupffer cells.  Rous,  McMaster,  and Hudack 
(16)  showed that virus fixed by living cells (from cultures of rabbit 
embryo fragments) was protected against neutralization by antisera. 
On the other hand the cells themselves may have a destructive action 
on the virus.  Fairbrother  (18)  found that a  mixture of white cells 
and immune serum had a more potent neutralizing action than im- 
mune serum  alone.  The  experiments of  Douglas  and  Smith  (14) 
suggest that immune plasma may have an opsonic effect on virus, 
since  a  mixture  of  immune plasma  and  normal  blood  leukocytes 
neutralize vaccinia virus to a greater degree than a mixture of normal 
plasma and washed leukocytes from an immune animal.  Sabin (15) 
could not confirm their results. 
The Lymph Node as a Centre for the Diffusion of Virus.--In  respect 
to inert particles and bacteria  (19,  20)  the lymph node serves as a 
filter to lymph.  With viruses there may be a fundamental difference. 
For since the virus becomes fixed by the lymphocyte,  and since lympho- 
cytes are constantly leaving the nodes in large numbers, it follows that 
unless  the  node  becomes  completely disorganized virus  also  must 
leave  with  the  lymphocytes.  This  has  been  demonstrated in  the 
present experiments for vaccinia virus; it has yet to be proved that 
the same mode of spread is valid for other virus diseases. 
Significance of the Lymphocyte as a  Virus Carrier.--That  virus can 
be  fixed by the lymphocyte may be  significant for  several reasons. 
(a)  The virus may be protected in its passage through body fluids 
against  any  neutralizing  principle  which  they  may  contain  (16). 
(b) Since the lymphocyte can migrate through the walls of the capil- 
laries, virus which has entered the blood stream can leave it in all parts 
of the body, and the finding of vaccinia virus in any given tissue be- 
comes explicable by blood transmission.  This does not exclude the 
possibility  of  other modes of  spread,  but  may  render  them more 
difficult to prove.  (c) One of the most striking pathological changes 
in so many virus diseases is the perivascular accumulation of lympho- 
cytes.  This is usually interpreted as reaction to the virus.  May it JOSEPH M. YO]?]~EY AND EUGENE  R. SULLIVAN  141 
conceivably, at any rate in part, be cause rather than effect?  May 
it be that the accumulation of lymphocytes carrying virus is respon- 
sible for the first introduction of virus into the affected region? 
In conclusion, we would like to record our indebtedness to Dr. Cecil K. Drinker 
and Dr. John F. Enders for advice and encouragement. 
CONCLUSIONS 
Vaccinia virus dropped into the nose of a  susceptible animal does 
not appear in cervical lymph in less than 12 hours.  After 12 hours, 
and thereafter continuously for 7 days, a  stream of virus is entering 
the blood through the cervical lymph ducts.  Virus passes through 
the lymph nodes.  Virus is fixed by the lymphocytes, and the sig- 
nificance of this is discussed. 
BIBLIOGRAPHY 
1.  Yoffey, J. M., and Drinker, C. K., J. Exp. Med.,  1938, 68, 629. 
2.  Yoffey, ]. M., Sullivan, E. R., and Drinker, C. K., J. Exp. Med., 1938, 68, 941. 
3.  Calmette, A., and GuCrin, G., Ann. Inst. Pasteur, 1901, 15, 161. 
4.  Gordon,  M.  H., Great Britain Med.  Research Council, Special Rep.  Series, 
No. 98, 1925. 
5.  Rhoads,  C. P., Y. Exp. Med.,  1931, 53, 185. 
6.  Levaditi, C., Hornus, G., and Haber, P., Ann. Inst. Pasteur, 1935, 54, 389. 
7.  Levaditi, C., and Haber, P., Compt. rend. Soc. biol., 1935, 119, 21. 
8.  Sabin, A. B., Proc. Soc. Exp. Biol. and Med., 1938, 38, 270. 
9.  MuUin, W. V., and Ryder, C. T., Am. Rev. Tuberc., 1920-21, 4, 683. 
10.  Corper, H. J., and Robin, H. A., Am. Rev. Tuberc., 1922-23, 6, 813. 
11.  McMaster, P. D., and Kidd, J. G., J. Exp. Med.,  1937, 66, 73. 
12.  Todd, C., Brit.  J. Exp. Path.,  1928, 9p 19. 
13.  Smith, W., Brit. J. Exp. Path.,  1929, 10, 93. 
14.  Douglas, S. R., and Smith, W., Brit. J. Exp. Path.,  1930, 11, 96. 
15.  Sabin, A. B., Brit. J. Exp. Path., 1935, 16, 158. 
16.  Rous, P., McMaster, P. D., and Hudack, S. S., Y. Exp. Med., 1935, 61, 657. 
17.  Beard,  J'. W., and Rous, P., J. Exp. Med.,  1938, 67, 883. 
18.  Fairbrother, R. W., J. Path.  and Bact.,  1933, 36,  55. 
19.  Drinker,  C. K., Wislocki, G. B., and Field, M. E., Anat. Rec., 1933, 58, 261. 
20.  Drinker, C. K., Field, M. E., and Ward, H. K., J. Exp. Med., 1934, 59, 393. 